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ABSTRACT:  1  , 3-Dia*lno-2, 4,6-trlnitrobeiuens,  III,  la  a 
high  temperature  reeletant  explosive  which  decomposes  >aly 
■lightly  at  50C*P  (260*C).  Its  dsnalty  ia  graatar  than 
that  of  RQX  and  It  is  lasa  sansitiva  than  TXT  by  tha 
standard  ERL  drop-weight  lwpaet  test,  incomplete  evalu¬ 
ation  data  Indicate  that  it  la  equivalent  In  power  ts  TXT. 


maad notrlnitrobsngeno,  III,  ia  prepared  fro*  commer- 
olally  available  starting  Materials  in  two  steps.  First 
a-nltroapillne,  I,  is  nitrated  by  a  simple  nitration  mix¬ 
ture  under  Mild  conditlonn  to  tetranltro aniline,  II.  The 
crude  tetranltro aniline  than  is  converted  by  metnanolic 
emainnla  to  diaalnotrinitrobenzene  In  a  high  degree  of  purity. 


XHj 


MHs 

02*^^\X02 

~y  ) 

SO? 

Ill 


A  conversion  of  100  parts  of  a-nltroani line  to  110  parts 
of  alaslnotrinitrcbsnzene  is  obtained  by  this  netfaed,  which 
can  easily  be  carried  out  on  a  coKi^rcial  scale. 
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Ihis  report  describes  the  synthesis  of  dla«inotrl- 
nitrobenzene,  a  new  high  explosive  with  excellent  thermal 
stability  at  high  temperatures.  NAVORD  Roport  6017  la  the 
preceding  Part  1  relating  to  high  temperature  resistant 
explosives.  £  ^  .  /»  *-  ?  J  7 

This  work  was  perfo-rae i  under  Task  FR-^  (Explosive 
Synthesis).  Although  this  work  was  carried  out  In  small 
auantitles  in  equipment,  there  Is  every  .  -ason 

to  believe  that  larger  quantities  In  plant  equipment  could 
be  made  with  no  loss  In  quality  or  yield.  Consequently, 
the  methods  of  synthesis  3e scribed  herein  are  considered 
worthy  of  adaption  to  plant  practice. 


W.  W.  WILBOUKNE 
Captain,  USN 
Commander 


ALBERT  LI' 


pbody  \7 


ily  direction 
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HEAT  RESISTANT  EXPLOSIVES  II 


INTRODUCTION 

Aerodynamic  heating  Jurlu*  the  flight  or  •  high  apeed 
altialla  has  aatabllahad  tha  need  for  wlth  teeiperature 
realatant  w  quanta  lor  tha  warhead.  Currently  used  ■111- 
Urjr  high  .pioalva*  ara  unusable  la  such  aarhaada  unlaaa 
protac*  e/  tharaial  inaulation  inaaauch  aa  Uialr  dacoaa- 
poa''  „on  to^paratuj-e*  ara  wall  baloa  Uta  taapera'ure  which 
'  . «<  warhead  Interior  la  axpactaJ  to  reach.  Therefore  in# 
Organic  Chaalatry  Division  haa  been  Investigating  the 
uyntbaai*  of  new  high  taupe  raiure  reeluiant  explosives. 

So  far.  principal  conalderatlon  n*»  bain  given  to  aaplualve 
compounds  which  Mlt  at  or  above  JQo'C.  fine#  it  la  wall 
known  that  exploalvea  In  a  aoltan  aval*  have  a  areally 
Increased  daccapoa Itton  rata  over  that  thermal  <>'  Induced 
in  vha  aolld  a  Uta. 

Two  axploalvaa  which  have  both  a  high  avaltlna  polnl 
and  excellent  high  tampers  t*r*  rtshlitty  ara  a»ir*.3»lne - 
trinltrobensane  and  dlaainotrlnltrobensane  .  The  foraar 
coaipoum)  haa  bean  known  for  many  yaara.  lla  ui.u*ual  aaltlna 
point  and  aolublllly  properties  ware  redetermined  In  Uila 
laboratory  In  the  eourae  of  a  Italy  l.-*  the  nitration  of  trl- 
brom^banxana  (l).  Bacacaa  a'.rong  bond  l  it*  batwaan  U>a  orUtu 
an  Inc  aivl  nltro  group*  wait  tivought  to  contribute  to  a  higher 
fusion  point  and  realataroa  to  decomposition  tn  the  trlaalno 
compound.  the  ana1  >geua  dlawlnotrlnltrobanxa^a  waa  prepared 
and  found  to  ha’- »  a:.»»llant  high  taaperatur*  U.srasl  sta¬ 
bility.  Cotia<«vi'A*nt  to  the  auccaaaful  stability  teat,  a 
atudy  of  lla  aynthaais  wap  or- a r taken  to  <*  valup  a  ■•‘-hod 
which  would  permit  pilot  plaM  produL-tlort  of  fifty  pounds 
for  lar^a  ncala  amluatlon. 


D  Li  CUD  3  ION  AMD  HELCH/H 

The  preparation*  of  dlanlnotrlnl trobenzane  reported  In 
the  literature  *aaa  to  have  both  only  of  acadaalc  Interest 
for  the  stoat  part  and  ware  usually  carried  out  on  s  small 
aoale.  Vo  Duln  (?)  has  summarized  the  early  literature 
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icemlng  lta  preparation,  Considering  the  ecsmsroial 
/.liability  or  the  starting  aaterlals  *.'.3  the  simplicity 
the  reaction  •  'uence,  the  conversion  of  a-nitroanilins 
dlamlnc  trlnitro.-.enzens  wso  investigated .  %e  synthesis, 
■aarlzed  in  the  chemical  equation  below,  was  carried  out 
two  atops.  Plrat,  a-nltroanlllne,  J,  was  nitrated  by  & 
■pie  nitrating  mixture  under  mild  condition!  to  tetrw- 
troanlllne,  II.  The  crude  tetrsnltroenlline  wee  salnated 
ammonia  in  methanol  to  d4  amino trinit rot sazans,  111, 

.h  was  obtalrteri  In  a  high  degree  of  purity  from  the  ra¬ 
tion  Mixture. 


N(Vt  »n» 


MH2 

VJ~* 

Ho  2 

III 


conversion  of  100  parte  m-nltroanlllne  to  110  parts 
.aalnotrlultrobanaana  was  obtained  by  this  method,  which 
in  easily  be  carried  out  on  a  commercial  aoale  in  cur- 
tntly  available  nitration  plants. 


.jMgrtlM  pf  m«inotrlnltrobsna<P.s;  Disalnotrinltro- 
>ngeiasi  li  a  yellow  cryatalllna  compound  as  received  from 
raeotlon  mixture/.  Uhder  the  optimum  conditions  of 
eaonolysls  the  crystal*  usually  were  small  needles  with 
jm  fine  powdery  particles  dispersed  throughout. 

»ble  I  svi— rises  Its  physical  properties. 
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TIBXjK  I 

ffaysleal  Properties  or  uiaainot  rinitrobenaene 

Halting  point  285 '0 

Crystal  density  1.3h 

lapse t  sensitivity  (50*  height)  320  ca  (3  explosion* 

(2.5  ks  wt,  BU<  aachlne)  out  or  9  trlsls) 

Vaiuu*  stability 

0.10  ml/rn  *8  hr •  at  100*C 

1.11  wl/g/hr  2  hrs  at  260* C  (500*r) 

Solubility  Slightly  soluble  in  hot  glacial  acetic 
acid,  dloxane  and  oitrobenaene 

Bw  vaoiaw  stability  data  represents  approalnaf 
O.25  per  oent  de«cepositlan  to  gaseous  products  lit  t.  . 
hoars  *«  5O0*F.  however,  one  of  the  primary  unanswered 
Questions  about  an  axploslve  of  this  type  ns  whether  or 
not  the  ceetpoiwKt  would  explode  after  subjecting  is  to  high 
taapsmtarw,  It  is  conceivable  that  deoawpcsltioa  to  solid 
products  would  render  the  confound  nonexplosive.  For  dlt~ 
mimsrinltrobenxerie  qualitative  observation*  chow  little 
effect  by  heating.,  Halting  points  of  tin  compound  taken 
t»rter  hours  a*.  2£0*C  showed  a  oep reasion  or  only  two 
decrees.  After  bsiag  hold  In  the  aclten  state  at  290*0 
for  over  one  hour  the  notarial  again  salted  only  two  degrees 
below  the  origin* J.  wilting  point.  Assist anr.e  to  decoaposl- 
tion  in  the  w>lt<w  state  at  such  a  high  tsssj>«raturs  la  vsr> 
unusual  for  an  explosive.  Therefore,  It  appears  that  in  an 
actual  situation  west  of  the  explosive  la  unaltered  and 
would  rsaa.iri  active  for  functioning  when  desired.  An 
aotual  firing  test  to  dstermlne  this  point  is  to  be  ecu e. 

The  "cook-off "  taspirsture  was  found  to  occur  after  eight 
adnutaa  st  320"e  (3). 

Cn sal aotrinltroboasana  has  a  calculated  heat  ox  explo¬ 
sion  of  965  cal/g  eoaqpared  to  980  cal/g  for  TNT  (t).  Its 
"shattering  power"  as  aaasured  by  Plcatlnny  Arsenel  war 
100*  or  that  of  TNT  (5). 

Since  this  report  concerns  a  synthesis  developseent,  the 
following  sections  discuss  reaction  paraasters  prlaar-ily. 
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Preparation  of  Tetranltroanlllne:  PlurecheiM  wee  the  first 
vo  prepare  tetranltroanlllne  in  1904,  end  the  preparation  by 
the  nitration  of  a-nltroanlllne  was  reported  by  Flursehaim 
and  Simon  (6).  The  method  was  patented  In  Great  Britain, 
Germany .  France,  Canad/i  and  the  Ufcited  states  from  1910  to 
lyij  (7).  Tetranltroa.iillne  wae  prepared  In  this  country 
during  the  First  World  War,  and  nitration  on  a  scale  ae 
large  as  2^00  gallon  hatches  was  carried  out. 

The  A.  D.  Little  laboratories  (3)  dssr.ribed  the  nitra¬ 
tion  or  m-nitroanlllne  following  Flurschelm's  synthesis,  and 
the  method  of  preparation  of  tetranltroanlllne  used  In  this 
project  Is  s  development  of  the  A.  D.  Little  preparation. 

The  optimum  procedure  for  the  nitration  of  m-nltroani- 
llne  wae  round  to  be  as  follows:  m-Nltroanlllne  la  dissolved 
in  a  mixture  of  concentrated  sulfuric  acid  and  JO%  fuming 
sulfuric  acid.  At  20*C  nitric  acid  (assay  90%)  Is  added 
slowly.  The  temperature  of  the  reaction  solution  Is  main¬ 
tained  at  20*C  for  two  hours  and  than  gradually  heated  to 
70-7b"C  to  complete  the  reaction.  Tetranltroanlllne 
separatee  from  the  reaction  mixture  as  a  crystalline  product, 
and  at  the  completion  of  the  reaction  Is  filtered  off  and 
weshsd.  It  may  be  dried  or  may  be  used  as  a  wet  cake  for 
the  preparation  cf  » 1  - ‘ ■ .....  1 . u . . .  Ti.riudtroewl line 
la  itaelf  an  explosive,  having  an  impact  sensitivity  of  ?6  cm 
which  is  the  same  ms  that  of  tetryl.  Hi  h  proper  precautions 
It  has  been  found  to  be  quite  safe  to  handle,  particularly 
when  slightly  wst.  Flurscheia  has  published  its  properties 
In  considerable  detsll  { j,  10). 

Te t rani t roam  1  in*.  Is  recrystslliced  from  glacial  acetic 
acid,  but  requires  large  volumes  of  the  acid  for  this  purpose. 
Thus,  it  Is  Important  that  the  tetranltroanlllne  be  pure 
enough  to  use  ss  It  coats  ri-om  the  reaction  mixture.  This 
was  held  clearly  in  Kind  as  the  nitration  of  m-nltroanlllna 
to  tetranltroanlllne  was  studied,  and  was  sucre ssfiuly  accom¬ 
plished. 

It  la  Interesting  to  note  that  the  crude  tetranltro- 
anlllne  appears  quite  green  In  some  preparations  and  orange 
In  others.  This  agrees  with  Fllirschelm' s  observations.  It 
Is  also  Interesting  that  the  green  tetranltroanlllne  always 
has  a  slightly  higher  melting  point  than  the  orange  product. 
The  lsomerlam  has  not  been  investigated  as  ye%  but  the  study 
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of  tbs  X-ray  patterns  for  the  two  forma  is  planned  for  the 
future.  The  recrystallized  tetranltroanlllni!  is  yellow, 
although  it  aay  have  a  greenish  tinge,  end  the  green  fora 
tends  to  become  less  green  and  more  orange  on  standing  in 
light.  In  one  instance,  several,  grams  of  the  green  product 
mixed  with  two  grams  of  orange  material  in  the  presence  of 
2%  water  and  kept  in  a  tightly  closed  oonteinsr  over  night 
appeared  completely  orange  in  trie  morning. 

Because  the  previous  preparations  of  tetrenltronnillne 
Involved  very  large  volumes  of  concentrated  sulfur!-  acxu 
and  fusing  sulfuric  s***,.  iQOO  parts  of  acid  for  50  parts 
of  m-nltroanlllco,  this  was  the  first  varisui*  it  studied. 

It  was  found  that  the  volumes  could  be  reduced  by  1/?  each 
and  atill  get  a  very  good  product  from  the  '-^action.  “ow- 
ever,  when  the  volumes  ware  reduced  by  1/2,  the  reaction  was 
less  smooth,  the  product  being  orange  and  obtained  in 
slightly  lower  yield.  When  the  volumes  were  dx-s'tically 
reduced  to  1/4  the  reaction  'fumed- off".  XVo  exp-criiaenta 
have  been  carried  out  using  concentrated  sulfuric  acid 
unfortified  by  the  addition  or  fuming  sulfuric  acid, 

A  yield  comparable  to  that  from  the  more  acidic  medium  wae 
obtained  when  an  equivalent  volume  of  concentrated  auirurlc 
acid  was  used.  Again  reduction  of  acid  volume  was  detrimental. 
Although  the  product  in  these  cases  was  orange  and  had  a 
lower  melting  point  than  the  green  product  from  the  sulfuric 
acid-fuming  sulfuric  acid  mixture,  diamlnotrlnltrobenzene 
prepared  from  it  was  very  satisfactory  in  the  high  temper¬ 
ature  vacuum  stability  teat.  The  spent  acid  from  the 
nitration  reaction  may  also  be  fortified  with  fuming  sul¬ 
furic  acid  and  re-used  ut  least  ones  in  further  nitration 
reactions.  This  has  been  carried  out  in  the  laboratory. 

Potassium  nitrate  and  lOOjt  nitric  acid  wara  tried  as 
nitrating  agents  in  the  reaction  and  neither  one  showed  any 
advantage  over  the  90 %  nitric  acid.  Aa  a  note  on  the  color 
isomer,  the  product  was  orange  whenever  potassium  nitrate  or 
100%  nitric  acid  was  used. 

Reversing  the  addition  procedure,  that  is,  adding  the 
m-nitre aniline  to  the  nitrating  mixture  Instead  of  adding 
nitric  acid  to  Its  solution  in  the  sulfuric  acid-fusing 
sulfuric  acid  mixture,  was  tried  and  round  to  have  no 
advantage.  Since  the  addition  of  the  acid  la  easier  to 
handle  this  was  the  procedure  adopted. 
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me  temperature  of  the  reaction  mixture  during  the 
addition  of  the  nitric  acid  nub  varied:  0-20*C,  20-25'C, 
45-50*1;,  and  60-65 ~0.  me  reaction  proceed-*1*,  to  a  satis¬ 
factory  conclusion  from  any  addition  temperature  vlth  the 
exception  of  the  last  range  of  addition.  In  this  experiment 
there  were  assail  explosions  within  the  reaction  mixture, 
"fleet ea  of  fire"  aa  FlUrachelm  expressed  It.  me  one a 
carried  out  at  room  temperature  or  below  gave  more  repro¬ 
ducible  reauita  without  untoward  incident  aa  to  amount,  oolor 
•i,U  iu«lwlu£  point  C*f  tilt  product. 

It  waa  necessary  to  maintain  the  reaction  mixture  at 
20-25’C  for  a  period  after  the  addition  of  the  nitric  acid. 

A  mild  exothermic  reaction  always  occurred  when  the  nitra¬ 
tion  mixture  waa  heated  too  aoon  after  the  addition  of  tha 
nitric  acid.  However,  when  an  exotharmlc  reaction  did 
occur  it  waa  always  alight  and  readily  controlled  by  a  oath 
at  ambient  tap-water  tesKJsrstura  <-.>-•  j.mrcr.  sr.cn  t<>«  ”pw« i- 
•uu.ii.ion~  reaction  period  waa  followed  by  a  slow  warming 
period  to  70*C,  the  exotherm  waa  not  apparent.  Hie  nitra¬ 
tion  on  a  half  mole  scale  required  about  five  hours  overall. 

Ihe  nitration  la  thought  to  proceed  not  only  by  direct 
nitration  but  also  by  the  production  and  rearrangement  of 
intermediate  nitraualnea,  l.e.  the  Bamberger  rearrangement 
(11,  12).  Such  intermediate  nltnualnea,  e.g.  metadinitro- 
phenylnltramlne,  are  lenown  to  be  foimed  in  the  preparation 
of  pantanlt roanl line,  melr  precipitation  must  be  avoided 
because,  in  thla  case,  their  rearrangement  in  accompanied 
by  "flashes  of  fire"  by  using  large  volumes  of  sulfuric  acid 
in  which  tha  nitramlnea  are  nol'J>ia.  When  large  volvi»ea  of 
sulfuric  acid- fuming  nulfuric  acid  mixture  wr\~e  used  there 
waa  no  evidence  of  any  precipitate  in  the  reaction  mixture 
until  the  tetranitroanilins  separated  aa  a  crystalline  pro¬ 
duct.  When  tne  volvae  of  acid  waa  reduced,  however,  there 
was  usually  a  flocculent  precipitate  at  some  point.  This 
precipitate  might  dissolve  completely  before  the  tetranitm- 
aniline  appeared,  or  the  character  of  the  precipitate  might 
change  to  the  characteristic  tet rani t roanl line  crystalline 
product,  depending  on  the  conditions  of  the  experiment. 

In  one  experiment  carried  out  In  100*  aulfuric  acid  the 
flocculent  precipitate  waa  filtered  off  and  found  to  be 
water  soluble  and  unstable  in  water  solution,  which  is  true 
of  the  nitramines  of  such  character.  Further  identification 
of  the  nltramlrte  waa  not  aada,  but  all  observations  bear 
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out  the  theory  that  the  nitration  proceeds.,  at  least  In 
part,  by  the  formation  of  the  nltraalne  which  then  re- 
» rrargcs  to  the  nltro-anlllne  after  an  Initial  direct 
nitration  by  electrophilic  substitution  at  the  para  position. 

Antination  of  Tetranltroanlllne :  Of  the  many  preparations  of 
diaainotrlnl trobenzsne  recorded  l»i  the  literature,  the 
uaaonolysi^  of  tetranltroanlllne  to  'he  dlamlno  compound 
used  by  Plurschelm  (13)  was  the  most  direct.  Although  he 
did  not  obtain  a  pure  compound  according  to  hla  reported 
melting  point,  it  was  decided  to  investigate  this  method 
because  its  simplicity  would  make  scaling  up  to  pilot  plant 
production  sssler.  The  Investigation  of  the  ami  nation  had 
the  ubjsctlve  of  ualng  successfully  crude  tetranltroanlllne 
to  produce  crude  dlamlnotrlnltrobenzene  which  was  pure  enough 
as  received  from  the  reaction  mixture  to  use  In  explosive 
compositions.  The  lov  solubility  of  tetr&hltroanlli' e  and 
dlamlnotrlnltrobenzene  In  the  usual  solvents  made  It  Impera¬ 
tive  to  avoid  recrystalllzatlon  of  either  compound. 

The  vacuum  thermal  stability  test  because  of  Its 
sensitivity  to  impurities  was  used  almost  exclusively  to 
determine  the  purity  of  the  final  product  of  the  amination. 
The  teat  consisted  essentially  of  heating  a  sample  in  an 
evacuated  tube  for  two  hours  at  260*C  (500*F)  and  measuring 
the  volume  of  the  decomposition  gases  evolved.  Previous 
experience  had  indicated  that  approximately  four  ml  of  gas 
per  gram  per  hour  would  correspond  to  1$  decomposition,  the 
maximum  amount  that  could  be  accepted  for  the  Intended  use 
of  the  explosive.  The  dlamlno trinitrobanzene  samples  pre¬ 
pared  by  the  optimum  procedure  outlined  below  varied  from 
1.1  ml  to  2.90  ml  per  gram  per  hour  or  roughly  one-fourth 
to  three-fourtha  of  one  per  cent  decomposition.  Qualita¬ 
tively,  melting  point  determinations  were  helpful  as  an 
indication  of  purity  of  the  various  reaction  products. 
Carefully  recrystallized  dlamlnotrlnltrobenzene  from  nitro¬ 
benzene  melted  at  285*C.  The  “production"  materials  which 
had  good  thermal  stability  melted  f.t  282*0.  Discoloration 
while  heating  the  melting  point  tube,  sharpness  of  melting 
point,  and  actual  observed  melting  points  were  all  used  to 
scr««R  out  obviously  unobauxe  owapicH  aim  consequently 
speeded  up  the  survey  of  reaction  conditions. 

The  study  of  the  direct  amination  proceeded  in  three 
phases-.  The  feasibility  of  direct  amination  was  tested  with 
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purified  starting  material,  crude  tetranltroaniline  was 
substituted  for  pure,  and  the  reaction  volume  was  reduced 
for  efficient  acale-up.  To  teat  the  feasibility  of  direct 
sr  1 nation  of  tetranltroaniline,  the  purified  compound  was 
dissolved  in  Cellosoive  and  added  dropwlee  to  a  dilute  solu¬ 
tion  of  ammonia  In  97%  methyl  alcohol  at  room  temperature. 

The  product  precipitate!  from  solution  within  a  few  minutas 
after  addition  began,  stable  crude  dlauinotrlnltrobenzene 
was  obtained  by  this  procedure  which  became  the  basis  of 
subsequent  experimental  work,  various  solvent e  wore  sub¬ 
stituted  for  methyl  alcohol  with  no  improvas»ent  and,  in 
some  cases,  decided  detriment.  Alcohol  solutions  containing 
50%  water  worked  reasonably  well  but  reaction  solutions  with 
a  lower  water  content  gave  better  and  more  reproducible 
vacuum  stability  tests.  In  general,  polar  solvents  worked 
best  experimentally  as  might  be  expected  from  the  nature  or 
the  reaction.  Cellosolve  was  found  to  be  the  best  solvent 
for  introduction  of  the  tetranltroaniline. 

In  order  to  eliminate  a  recrystalllzatlon  step,  solu¬ 
tions  of  crude  tetrauitroaniline  were  substituted  for 
solutions  of  the  purified  aatcrial.  Crude  dlamlnotrlnltro - 
benzene  of  excellent  stability  was  obtained  as  easily  as 
with  the  purified  material.  However  In  considering  the 
necessary  steps  to  scale  up  the  method  to  large  laboratory 
scale  prior  to  pilot  plant  scale-up,  it  became  apparent 
that  the  reaction  volume  resulting  from  the  combined 
alcohol  Cellosolve  solutions  would  have  to  be  reduced. 

Since  a  time  lag  had  been  observed  between  the  addition  of 
the  tetranltroaniline  solution  and  precipitation  of  the 
dlamlno  product,  it  was  thought  that  the  sequence  of  reaction 
after  addition  of  solid  tetranltroaniline  to  aamonlacal 
alcohol  would  be  solvation,  reaction,  and  then  precipitation 
of  the  product  until  all  starting  material  was  conauaad. 

After  successful  trial  experiments  the  conversion  of  crudo 
solid  tetranltroaniline  to  dlsjainotrinitrobenzene  was  scaled 
up  from  one  to  fifty  gram  runs. 

Within  certain  limits  the  amount  of  ammonia  relative  to 
the  amount  of  tetranltroaniline  could  be  varied.  The  beat 
product"  were  obtained  in  reactions  having  an  aixa  ora¬ 
te  Irani  t  roan!  line  ratio  of  0.40-1.0  part  to  one.  Leas  stable 
products  were  obtained  when  reactsJit  ratios  outside  this 
range  were  used. 
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Although  stable  products  w-?.  e  obtained  In  many  cases 
at  room  temperature .  mure  reproducible  results  were 
obtained  by  uminatlng  at  50*C.  '.I.e  product  crystals 

formed  were  largnr  arid  sore  u,.l  ~o  m  than  the  soaelloes 
amorphous  solids  obtained  at  the  rower  temperature.  Wet 
tetranltrcanlllne  can  be  substituted  for  the  Jr„  material, 
thereby  decreasing  the  handling  hazard  for  the  entire 
eynthral a . 

ferny  in'  tne  rape  rime:,  vs  maun  investigating  the  para¬ 
meter#  of  the  ajalnatlon  produced  dlaminotrlnltrobenxcne 
which  waa  too  unutable  to  be  acc  f; table.  To  determine  If 
recovery  could  b*  _ad*  of  produ..  i  Ion  material  which  did  not 
meet  the  etacliity  requlremc.it,  various  ae'-huda  o:  re¬ 
working  the  crude  product  were  l:i*e»  t  icateJ .  taterlai  Which 
evulveu  up  to  IP  ml  of  gas  per  hour  was  lmproveJ  enough  for 
acceptance  by  brief  eiurryriit  w.'.tli  acetone,  methyl  alcohol, 
amaurUacal  methyl  elcor.ol,  or  hot  water.  Therefore,  ehould 
a  plant  run  produce  unatatle  .  aierlal,  recovery  of  thj  run 
la  eaaliy  made  ty  a  alsple  reworking  procedure. 

The  convera.on  of  tet rsnl  tr-ai.l  #  tne  to  .itmalnotrlnltro- 
ber.iene  waa  accompanied  by  olde  react luns,  principally  the 
forw.tlgn  of  trlnltroem*  rvophenol  aakionlum  salt  ty  the  re¬ 
action  of  water  and  then  aamK>n‘*.  To  addition,  a  Mall 
amount  of  dark,  red  material  auiuble  in  water  and  alcohol  w«o 
iso.1.? t at*  from  some  of  the  mother  liquors  ty  evaporation. 

This  materia.’,  posslciy  s  p.'.inmi.ii»u  .•ddv.ttj.p"  product  simi¬ 
lar  to  the  type  descrltud  by  Gagnon  et  al  vlu).  has  not  been 
Identified  c.  yet.  Higher  yields  Of  tho  dlacalne  cere  obtained 
In  aqueous  methanol  but  in  suet  cases  the  tnenmil  r'»- 
blllty  was  not  a?  6ood  sa  with  57jw  methanol.  However,  the 
Improved  workup  procedure  developed  l»ter  was  not  used  in 
these  experiments,  TVe  amino  phenol  formation  wad  ellul- 
nsted  by*  auiui4a’' ing  unde .  strictly  anhydrous  condition#  but 
without  improving  the  yield  of  dlamlr.otrlnlirobensene. 

Two  products  were  octaJned,  the  reduction  product  In  UO% 
yield,  a.-.d  the  diamine, 

Tetranltroaiilllne  reacts  alnost  exclusively  >1  the  three 
position  by  nucleophilic  substitution,  a  possible  exception 
being  the  formation  of  tne  reauction  product.  In  the  struc¬ 
ture  of  tetranltroanlllne  the  three  position  is  highly 
activated  by  two  ortho-n.ii.ru  groups  and  a  para- -vitro  group. 

It  undergoes  nucleophilic  substitution  with  vat;r  aria 
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alcohol  lesw  easily  than  with  ar.monia  as  might  be  expected 
from  the  relative  nuclecphllicity  o*'  these  reagems. 

Bunnetl  (13)  has  published  an  excellent  review  of  nucleo¬ 
philic  aromatic  aubatltutlon  which  ohvlatea  ou>*  discussion 
here  of  an  additional  example.  Note,  however,  that  the 
reaction  of  aaaonia  vlth  tetranltroanlllne  le  one  of  only 
a  few  lenown  examples  of  aubatltutlon  of  a  nltro  group 
which  le  ortho,  ortho,  parr,  activated  by  nltro  groups.  A 
more  be  a  If  study  of  this  Interesting  reaction  la  to  be  made 
and  will  be  discussed  elaewhere. 

Because  of  the  ausceptlbillty  of  groups  at  the  three 
position  to  nucleophilic  aubatltutlon,  in  alternative  route 
to  dlacnlnutrlnltrobenrene  waa  briefly  explored.  iwtranltro- 
anillr.e,  II,  In  refluxing  metfianol  converted  nearly  quanti¬ 
tatively  to  trlnltromethoxyanlllne,  IV.  The  anieole  waa 
eaeliy  converted  to  the  diamine.  III,  in  93)1  yield  oy  lta 
reaction  with  ammonia  In  methanol. 


N02  NO2  NO? 

II  IV  III 


The  product  diamine  was  a  light  yellow  finely  cryatalllna, 
n»»di m  nu«  «»t«rl5l  but  leaa  pura  than  that  obtained  by 
direct  a  miration  of  tetranltroanlllne.  The  product  in 
vacuum  thermal  stability  testa  at  2oO*C  evolved  8-10  al  of 
gas  per  gram  per  hour  compared  with  the  acceptable  4.0  al 
per  gram. 

Study  of  this  reaction  Is  In  progress  with  the  aim  of 
providing  an  alternative  synthesis  in  »_hl?h  the  dlaalne  can 
be  made  in  tre  same  vessel  in  two  stages;  reaction  of  tetra 
nltro&miine  with  methanol,  followed  by  introduction  of 
ammonia  to  product  the  end  product  in  high  yield  with  little 
more  effort  then  by  direct  amlnatlon. 
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Another  route  which  was  tried  in  the  laboratory  was 
the  direct  nitration  oT  m-phenylene  Jlar.iine  3ulTate  and  o:' 
the  olaueto  derivative.  -tie  conversion  01  atyphnic  acid  to 
trlnitrodl chlorobenzene  and  then  to  ■Jiamlnovrlnitrobcnzeue 
uj  the  method  of  Haas  and  rsuer  (li)  was  too  Involved  to 
ofi'er  an  advantage  over  the  present  synthesis,  Other  liter¬ 
ature  methods  were  surveyed  and  not  adopted  because  o:  lack 
o:'  simplicity  Tor  large  scale  production. 
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EXPERIMENTAL 

The  optimum  procedures  only  are  given  in  this  section. 
Nitration  or  a-Nltroanlllne. 


Procedure;  A  solution  of  09  g  (0.5  mole)  m-nltroanlllne 
(Note  1)  In  tOC  ml  of  concentrated  sulfuric  acid  and  240  ml 
of  >0*4  fuming  sulfuric  acid  was  prepared  In  a  2  liter, 

5-ne:R,  rour*d  bottom  flask  with  a  thermometer,  mechanical 
stirrer  and  dropping  runnel,  keeping  the  temperature  at 
20-25”'?  by  means  of  a  tap-water  bath  (20*C’.  To  this 
solution ,  still  at  20-25*C,  105  ml  of  concentrated  nitric 
acid  (9c-l)  was  added  from  a  dropping  funnel  over  a  period 
of  thirty  minutes.  The  aolutlon  was  light  amber  colored 
after  the  addition  of  the  acid  and  there  were  bubbles  of 
gai  ir.  the  solution  (Note  2).  The  reaction  solution  was 
held  at  20”C  by  means  of  the  tap-water  bath  for  two  hours, 
ther;  heated  gradually  to  70°C  with  a  water  bath  during  one 
hour  and  held  at  70-75*C  for  one-half  hour.  The  color  of  the 
solution,  which  was  orange  red  at  the  end  of  the  two  hours  at 
20*0,  became  cherry  red  during  heating.  The  1'lrEt  crystals 
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appeared  at  Jo'c  and  the  Tlaak  was  quite  thick  with  crystals 
when  the  temperature  of  the  mixture  had  reached  (Note  3). 

At  the  end  of  the  heating  period  the  mixture  was  chilled  arid 
the  product  vus  lilts,  2d  on  a  sintered  gla2o  funnel  (Note  •* } , 
waaned  with  50%  sulfuric  acid  and  cold  water.  Alter  drying, 
the  green  cryetalllne  product  weighed  102  g  or  75%  of  the 
theoretical  yield.  The  melting  point  of  this  product  raa 
213-217*0  (dec.).  It  can  te  recrystallized  from  glacial 
acetic  acid,  from  which  it  crystallizes  in  yellow  needles 
melting  at  217-220,C  with  deccmposl tlon. 


Note  1.  The  m-nltroanlllne  used  was  from  a r  65  pound  lot 
purchased  from  the  Verona  Chemical  Co.  It  was  in 
well  formed  yellow  needles  which  melted  at  114”C,  wnlcn  Is 
the  melting  point  given  in  tne  literature  for  the  pure 
product  (17). 

Note  2.  Th.'j  gas  evolution  was  never  sucn  as  to  cause 

foaming  with  this  volume  of  sulfuric  acid-iumlng 
sulfuric  acid  mixture.  With  reduced  voi'.BC  cf  »cid  foam 
almost  filled  the  flask. 

Note  3-  TTie  temperature  at  which  the  first  crystals  oi 

product  appeared  varied  iroa  3b*o"0»  and  seemed 
to  oe  connected  with  the  rate  of  heating,  appearing  at  the 
lower  temperature  when  the  reaction  had  been  heated  slowly. 

A  flocculent  precipitate  appeared  in  some  instances.  As 
had  been  stated  in  tne  discussion,  tnlit  precipitate  is  pre¬ 
sumed  to  be  the  nltramlr.e.  IXirlng  the  heating  period,  the 
flocculent  precipitate  would  grr, dually  disappear  and  the 
characteristic  crystals  of  tetranltroanlllni  would  for*  in 
the  reaction  flask. 

Note  4.  'me  filtrate  wat  orange  red  In  color.  No  addi¬ 
tional  product  was  obtained  by  drowning  che  filtrate 
In  flaked  ice-water.  This  spent  acid  can  oe  fortified  with 
fuming  sulfuric  acid  and  reused  for  nitration  of  m-nltroanlllne. 
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Preparation  of  Dlaminotrlnltrobansens  from  Tetranltroanlllnu. 

Apparatus-  3  liter,  3-neok,  rounU  bottom  Mask  fitted  with 
mechanical  stirrer,  dropping  funnel  and  addition  funnel  for 
solids. 

Procedure:  A  solution  of  100  ml  of  concentrated  ammonium 
hydroxide  In  2  liters  of  methanol  mss  prepared.  A  portion, 

50 0  ml,  of  this  solution  was  poured  into  the  flask  and  It 
was  heated  with  a  water  bath  at  50*C.  Tetrmni troanl  line, 

50^,  was  added  in  small  portions  during  75  minutes,  with 
simultaneous  addition  of  the  remaining  alcoholic  ammonia 
solution,  fiie  first  portions  of  tstrar.i  troanl  line  dissolved 
to  a  red-orange  solution  which  became  cloudy  after  two  mlnutss 
and  than  s  fine  yellow  crystalline  precipitate  appeared  while 
the  liquid  remained  orange  colored.  Dteee  color  ciiangea  were 
repeated  as  the  tetran! troanl line  waa  edded,  although  the 
Initial  red  color  was  considerably  masked  by  the  precipitate 
as  the  reaction  progressed.  After  all  the  tet rani troanl line 
was  added  the  reaction  mixture  wms  stirred  Tor  two  hours, 
the  temperature  of  the  water  bath  being  maintained  at  50*0. 

The  reaction  mixture  was  then  chilled  and  the  product  filtered 
off,  washed  with  methanol,  acetone  and  water.  It  was  dried 
In  a  vocuibb  oven  at  100*C  fur  20  hours,  and  weighed  32.75  g, 
which  le  72%  of  theory.  It  consisted  of  very  fine  needles, 
orange  yellow  In  color,  and  melted  at  260-232*0.  It  can  be 
recryatalllzed  from  glacial  acetic  scld,  dioxanu,  or  nitro¬ 
benzene  lilt.  268*C). 

The  ammonj.'r?  salt  of  2, . ^.o-trinitro-l-amlnophenol  was 
found  as  the  main  by-product  of  ths  reaction.  Ihla  was 
obtained  by  evaporation  of  the  filtrate  from  the  dlamlnotrl- 
nltrobenzenc .  Approximate!;'  9  gms  of  t  crystalline  solid 
were  obtained.  This  .as  re :ryatalllzea  from  water  with 
Norite  as  yellow  needles  which  melted  with  decomposition  at 
2’43°C,  Acidification  of  an  aqueous  solution  of  ihi*  product 
produced  a  yellow  crystalline  product  which  wao  re  crystal  5  lzed 
from  alcohol  and  melted  at  179-131 *C. 

2, A,o- rrlnltro-3-amlnophenol,  for  reference  purposes, 
was  prepared  by  dissolving  10  gms  tetranltroanlline  In  60  ml 
ecetone  containing  5  ml  water  on  a  hot  plate  (about  15  minutes), 
then  distilling  off  the  acetone  until  the  first  crystals 
appeared  (about  20  ml  solution  remaining).  The  product 
recryataillzed  from  alcohol  In  yellow  leaflets  melting  at 
179-l3l°C  (2). 
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Melting  point  determination*  of  mixture a  oi  fc,4,b- 
trlnltro-3-amlnophenol  thus  prepared  and  the  product  leolated 
fro®  the  reaction  above  ahowed  no  depression  of  the  melting 
point,  nor  waa  there  any  depression  of  malting  point  on 
mixing  tne  ammonium  salt  isolated  from  the  reaction  mixture 
with  that  prepared  from  the  free  phenol , 

About  two  grama  of  a  dark  red,  water  soluble,  crystal¬ 
line  product  were  alao  isolated  from  the  filtrate  from  the 
preparation  of  diaainotrinttrobenxene.  This  product  was 
not  identified,  but  i;  aasused  to  be  a  reduction  product 
of  tetranltroariline. 

.tius,  ebout  9t>%  of  the  tetranltroaniline  used  in  the 
reaction  la  accounted  for. 
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Other  eolvente,  wcrked  lee*  well:  dloxane,  tetranydro: uran,  diaethoxy  ethane 

acetonitrile,  i.catone  and  liquid  tnoili. 
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Preparation  of  2.4,o-Trlnltro-3-Hethoxyanlllne:  Crude 
telranitroanlllne  10  g  was  added  to  50  ai  'aelhanol  in  a 
i aa  round  bcttos  <*ia ai/  tfith  dt  r^ilux  conuciisci1  > 

and  tne  mixture  was  heated  to  reflux,  by  means  01'  a  water 
bath.  Tor  an  hour.  At  that  time  the  tetranitroanlllne  naa 
all  dlaeolved.  When  the  oi-angc  colored  solution  was 
allowed  to  cool  to  room  temperature,  ?.  ma3S  0.  well  * oiirea 
yellow  needlea  separated.  This  product  was  filtered  oii^ 
washed  with  a  little  alcohol  and  dried.  It  weighed  o...  g. 

A  second  crcp  of  0.4  g  was  obtained  by  concentration  o;  tn 
filtrate.  Hie  total  yield  was  8.5  i  or  y0£  of  th?»^heo" 
retlcsl.  The  melting  point  of  the  product  was  135  C, 

(lit.  131*C),  (2). 

Preparatl  cn  of  Dlaml  not  rial  t  robenaene  from  Qu,u-Trlnltro- 
>- we ch'. 7yi.nl line  :  A  solutlo‘n‘of  2, a, o-lrlnltro- J-methox., - 
aniline  (1.^5  a)  In  50  ml  01  methanol  waa  prepared  In  a 
100  ml,  3-neck,  round  Pottos  flaak  with  a  mechanical  stirrei 
and  dropping  funnel.  UUs  solution  was  heated  to  po  C  in 
water  Path  while  a  solution  of  10  ml  of  methanol  and  4  mi 
of  concentrated  ammonium  hydroxide  wae  added  di uprise 
during  ten  minutes.  The  solution  became  red-orange  .0.110 
by  a  yellow  precipitate  In  two  minutes.  The  mixture  wai 
•tirred  for  two  hours  at  cQ*C,  Then  che  produce  was  H-^r'1  ' 
washed  with  sMthanol  and  dried,  it  weighed  1.12  %>  or 
of  theoretical,  and  melted  at  276-280 *C,  darkening  aoove 
250*C. 


Solid  2,  6- trlnltro-3-met!ioxy aniline  was  added  to  a 

solution  of  methanol  and  concentrated  ammonium  hydroxide  a 
in  the  preparation  of  dlaml notrlnltrobcnsene  from  tetrani 
aniline.  Hie  product  formed  was  similar  In  color,  crystal 
structure,  ylelu  and  aeltlng  point  tu  '-►'at  above. 

Adding  ammonia  (gaa)  to  a  aolution  of  2,4,o-trinltro- 
3-ssthoxyanlline  produced  well  formed  crystals  (needles) 
good  clear  yellow  color.  In  excellent  yield,  93£» 
at  280-282*C  without  darkening.  This  last  method  would  oe 
most  suitable  for  the  preparation  of  dlaalnotrlnltrobenze 
via  the  aethoxy  derivative  and  should  avoid  the  Phen°1J'c- 

by-product  which  la  formed  in  the  direct  aaination  of  te 
;.r  . , .  .. _ _  __  .  __a.  _  .e.kn<  fu  /%f  the  ore- 

lUbiwunne.  rwwcvtjr,  as  jov. t  ta--uu«  ^  --  '  *hlp 

parations  from  the  aethoxy  compound  has  not  been  accepts  1  • 
Work  Is  being  continued  on  this  preparation. 
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